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INTRODUCTION 
The purpose of this paper is to present a survey of the progress that 
has been made to date in the broad field of non-silver halide photosensitive 
processes. The primary objective was to investigate the characteristics of 
these processes in terms of requirements and capabilities of aerial reconnais-
sance systems. 
This study was conducted to determine if any of the processes is. or 
shows promise of becoming, a simple, dry rapid process, having wide tem-
perature and nuclear radiation tolerances, and at the same time having 
suitable photographic response. 
The major part of this thesis presents a technical survey of the non-
silver halide photosensitive processes that were reviewed. After describ-
ing briefly the general nature of each system, additional sections present 
a more detailed description of the operation and the fundamental properties 
of each process. 
This study is not exhaustive, although voluminous information was at 
hand. Considerable data has been omitted which was collected. Since this 
field is even wider than first expected, the survey has been restricted to 
include only those which have achieved some commercial success. A complete 
list of all references reviewed is given in the bibliography which contains 
all sources that contributed to the information and material of this thesis 
(grouped according to process) . 
1 
STATEMENT OF THE PROBLEM 
The Need for Photographic Systems 
The general problem is to evaluate the many Non-Silver Halide Photo-
sensitive Processes in t~rms of their potential for application to aerial 
photography. The importance and scope of aerial photography have been 
undergoing many rapid and radical changes in the past few years. Advances 
in both equipment and techniques have resulted in considerable improvements 
in efficiency and usefulness. 
The high speeds and altitudes of modern air and space vehicles have 
complicated the acquisition and processing of aerial reconnaissance. An 
ideal photographic system must be capable of producing quality "recordings" 
over a l-7ide range of latitudes, altitudes, and in cases where vehicle speeds 
are in excess of the speed of sound. The potential value for military re-
connaissance, as well as peaceful uses, in such photographable condit .ions 
is extensive. 
Techniques by which airborne photographic systems might obtain de-
tailed "information," unimpaired by night, clouds, and other environmental 
obstacles have been under experimentation ever since the first aerial pho-
tograph was obtained. In the round-the-clock coverage, we have capabilities 
today to accomplish a variety of missions. Non-photographic systems in-
clude Radar, Infrared, and other classified sensor systems. 
Some of the principal requirements of the ultimate modern aerial pho-
tographic process that are not effectively met by conventional methods are: 
1. A system capable of producing a "latent image" upon exposure and 
which can be processed without the use of external chemicals 
(dry processing). 
2. A system providing for an immediate, visible, permanent record 
(simple, rapid, 1-step processing). 
2 
3. "Emulsions" that are unaltered by unusual environmental atmos-
pheres such as high temperature and nuclear radiation (resistant 
to radioactive fogging and extremes in temperature). 
Since conventional photographic processes depend upon wet chemical 
liquids for development and have emulsions sensitive to nuclear radiation, 
among other limitations, the operational c~pabilities would be limited. 
Renewed interest has been generated td develop non-silver halide photo-
sensitive processes to meet the above needs. But, their present "state 
3 
of the art" must undergo additional development to bring them to operational 
capability. 
Criteria of Non-Silver Halide Photosensitive Processes 
It is considered that the general objectives of research in ~on-silver 
photosensitive processes should be to: 
1. provide photographic sensitivities comparable to or exceeding those 
of existing silver halide processes. 
2. provide high levels of image resolution and sharpness. 
3. provide a system which is simple and can be processed without the 
aid of external chemicals. 
4. provide "emulsions" of enhanced stability (for better "shelf life" 
o.r storage stability). 
Special objectives that apply to military and scientific uses in aerial 
photography should be to: 
5. provide a system unaffected by nuclear radiation, extremes in 
humidit~ and wide temperature changes. 
6. provide means for controlling the spectral sensitivity in discrete 
parts of the spectrum. 
7. provide a system to obtain a "quick look" at strategic reconnais-
sance photography during flight in the order of seconds. 
4 
8. provide a system for recording, processing and viewing photography 
of a radar scope or other CRT displays within a few seconds. 
Successful · solution of these objectives would make a wide range of 
applications practical. It is unlikely that any single system will ever 
satisfy all these objectives simultaneously; however, some system will 
provide fewer serious limitations than others. As is true with silver 
halides, improvements in one property can often result in degradation of 
another characteristic. Thus the final properties must be determined by 
the requirements of the photographic system. An ultimate process might 
combine the high sensitivity of Royal - X, the image quality of a Lipmann 
emulsion such as Kodak 649 - Spectroscopic Film, and the processing sim-
plicity of Kalfax or the Diazo process. 
With these and other objectives in view, we can investigate a number 
of non-silver halide photosens i tive processes. 
SURVEY OF PHOTOSENSITIVE PROCESSES 
Electrophotography 
Electrophotographic processes are usually dry and depend on the 
formation of electrostatic images. They are relatively new, since a 
basic patent was granted to von Bronk in 1922. In such processes, a 
suitable material, coated with a photoconductive insulating layer, is 
given a uniform electrostatic charge. During exposure, the electrical 
charge .is discharged in the exposed areas, leaving an electrostatic 
image on the surface: This latent image can be "developed"- by applying 
an oppositely charged powder or liquid. The image is "fixed" by either 
heat or solvents. Thus, in this simple dry process there are four opera-
tions: Sensitization, Exposure, Development, and Fixing. 
Electrophotography depends on the photoconductivity of certain mate-
rials, and the formation of electrostatic images. The steps in the pro-
cess are as follows: 
Sensitization 
An electrophotographic supporting medium (metal, paper) is coated 
with a smooth layer of a photoconductive material which, according to 
1 Stanford, has a high electrical resistance in total darkness but a rela-
tively low resistance when irradiated. Compounds of selenium, cadmium, 
sulphide, zinc oxide, and tellurium have been used. To make this layer 
light-sensitive, it is uniformly electrically charged with ions usually 
formed by corona discharge that operat~s at high voltage but low current. 
Exposure 
The exposure of the electrophotographic media can be made by any of 
the conventional photographic procedures. The light falling on the coat-
ing discharges the electrostatic charge in proportion· to the light quality 
reaching each point of the material, leaving an electrostatic latent image. 
Dessauer, Mott and Bogdoroff give details of the present theory of 
the mechanism of electrostatic image formation. They state that "the 
5 
electrostatic image on the surface of a charged and exposed Xerographic 
plate may be fully explored by the use of well-known electrometer tech-
2 3 
niques." Armour Research Foundation proposed that the photoconductive 
coating has energy levels as the Gurney and Mott theory formulated in 
silver halide crystals. 
Oliphant4 claims that the electrostatic image, if kept in the dark, 
will retain near original contrast and definition up to approximately 100 
hours. 
Development 
6 
After exposure, the latent image may be developed by several methods. 
The latent electrostatic image on the material having a photoconductive 
coating is developed by applying powder or liquids having suitable proper-
ties. The media is differentially retained by electrostatic attraction. 
Bixby, Andurs, and Walkup5 found that the amount of powder attracted to 
and held by the plate is a function of the amount of charge. There are 
four accepted methods for developing latent electrostatic images: 
1. Cascade development - "A two-component developer is employed, 
consisting of a finely ground resinous powder called the 'toner' and a 
relatively large granular material called the 'carrier'. The toner is the 
image material, that is, it is the material that is attracted to the 
charged areas of the exposed plate. The carrier serves to charge the toner 
electrically to the polarity and adds mass to the developer so that it will 
flow across the plate. Cascade dgvelopment is limited to line copy and 
medium-screened halftone images." 
2. Powder Cloud Method - Similar to the method described in Carlson's 
original patent, in which the image was developed by sifting powder on the 
plate and blowing the excess powder off with air. Today the powder is ap-
plied to the plate in the form of a cloud, consisting of very small powder 
particles of a single polarity, usually opposite to the charge in the un-
exposed portions on the photoconductive surface. This development is ca-
pable of producing in halftone images with good tonal rendition. 
7 
3. 11Magnetic Brush" Development Method - The magnetic brush serves 
as the carrier of magnetic particles and resin powder~ The image is deve-
loped by sweeping the magnetic brush across the charged surface. The 
latent image is revealed as the powder is attracted to the unexposed 
portions. Good contrast and definition is produced because the "brush" 
holds on to the powder in the exposed areas. 
4. Liquid Development - A solution of colloidal size particles in a 
high resistivity liquid is sprayed on the charged surface; the 11 atomized 
droplets" are attracted in proportion to the quantity of charge. Metcalfe7 
claims that dispersion in liquid media offers better control than any of 
the dry methods; furthermore, considerably shorter development times are 
possible (1 to 10 seconds). 
Normally, the processes produce positive prints. Using powder-cloud 
development method, with developing powder of the same polarity, negative 
prints are obtained. 
Fbdng 
The image is fixed by the application of heat, which causes developing 
powder or liquid to fuse into the c.oated paper. The time required for 
heating ranges from 15 to 60 seconds, depending upon the development method 
and binding medium. The image can also be permanently fixed by dissolving 
the resin powder with solvents into the supporting material or by using 
pressure-sensitive surfaces. 
Characteristics 
The study and measurement of the photographic characteristics of the 
electrophotographic process has been thoroughly investigated and the results 
have been published in various papers. The sensitivity of this process is 
low and, of course, this is the main problem in its use for aerial photo-
graphy. 
8 Applications of photoconductive mediums have been reviewed by Wainer. 
Using phosphor plates coated with cadmium sulphide, speeds in the range 10 
8 
to 30 ASA were obtained. He further found that thin phosphor plates produce 
higher speeds and the speed increases with the increase in the cadmium 
sulphide content. Bube and Thomsen9 found that the conductivity and photo-
sensitivity of materials are increased by the incorporation of suitable 
impurities, due to the formation of centers or electron traps. This was 
10 1 later demonstrated by Bube. Additional "traps .. might be obtained by disso ving 
photoconductive material with solvents and recycling this process until 
the material has microscopic particles and traps. 
A quantitative study of the relationship between the spectral sensiti-
11 
vity and photo conductor type was made by Thomsen. He found coated plates 
of zinc oxide to exhibit sensitivity over the entire visible spectrum. Young 
and Greig were able to obtain, in particular, change in the spectral sensi-
tivity with organic dyes. "It appears that with selection of the dye, special 
purpose papers may be designed for nearly any desired response and having 
12 broad or narrow sensitivity bands." 
In practice, moderately high orders of resolution can be expected, al-
though theoretically the image may be as good as the optical image. Resolution 
with powder development is limited by development technique (powder-cloud, 
cascade or magnet-brush), while liquid development is limited only by the 
size of particles used to develop the image. Fifty lines/mm should be 
13 
easily obtainable. Dessauer demonstrated that high resolution is obtained 
when using very strong perpendicular components (electric field) within the 
photoconductive layer. 
The contrast range is limited by the whiteness of the transfer paper 
and the blackness of the powder. Contrast and definition have been dis-
14 
cussed in considerable detail by Metcalfe. He suggests that contrast 
is chiefly governed by charge distribution on Xerography plates, but some 
control is possible in development where underdevelopment gives a contrary 
but thin image, and over-development produces excessively thick deposits 
to reduce contrast and impairs definition. 
The temperature range of the process will be limited but seems to be 
resistant to radiation fogging. The process is resistant to X-rays, gamma-
rays, or nuclear radiation since the sensitivity of the system comes from 
the charging or sensitization operation. 
Commercial Processes 
9 
New states of the art of electrophotography have been developed and 
advanced by various commercial organizations. Electrophotographic equipment 
such as cameras and reproduction machines for duplicating and offset print-
ing are available. 
1. Xerography Process - Invented by Carlson and being commercialized 
by Haloid Company. The latent electrostatic image is formed on reuseable 
light-sensitive plates, and developed after transfer to paper, either by 
the cascade or powder-cloud method. The main problems are plate cleaning 
technique and "plate fatigue." Their first commercial equipment was trade-
marked "Xerox" which makes reproduction within a few minutes. In 1959, they 
revealed "Two minute Minnie", a camera capable of performing the few electro-
photographic steps within itself. Recently, they have placed on the market 
a high volume document copier called "Xero Copy Flo" and are doing further 
research to record radar image directly by Xerography. 
2. Electrofax Process - This process, developed by RCA, forms an 
electrostatic image directly on the paper itself instead of transferring 
the image from an intermediate photoconductive plate as is done in Xero-
graphy. The paper is usually sensitized with zinc oxide in a resin binder 
and is developed using the "magnetic-brush" or. liquid solvent method. RCA 
has built a 11Bizmac Electrofax Printer" (reproductions), Electrograph 
machine (recorder for oscillography), and microfilm enlarger-printer (called 
Microlex). A new development is a thin-window cathode-ray tube for high-
15 
speed printing using "electrofax" methods. 
3. Bruniqg Electrostatic Reproduction Process - A commercialized 
microfilm enlarger-printer (trademarked Copytron) developed by Charles 
Bruning Co. The copying paper contains sma ll photosensitive particles 
embedded in an insulating plastic resin binder. It is processed in a 
manner similar to the "Electrofax" method but uses the cascade develop-
ment technique. The complete process requires approximately 40 seconds. 
10 
4. 3M Microfilm Reader-Printer - a quick-print electrochemical 
process that gives desired enlarged prints in approximately 8 seconds 
developed by Minnesota Mining and Manufacturing Co. The paper material 
has an aluminum backing (for conduction purposes) and photosensitive 
coating of zinc oxide and resin binder. After exposure, the image is 
developed similar to electroplating processes. The silver depositioned 
image is developed when placed against a wet sponge (containing organic 
silver complexes) and then given an electrical charge. The image requires 
no fixing. 
11 
ELECTROPHOTOGRAPHY PROCESS 
Electrostatic image formation 
(Charged) (Selective discharge) 
Figure 1. Diagram of the Theory 
(1) Sensitizing Sensitized Material 
(2) Exposing hV' 
Electrostatic !mag 
(3) Developing ' 
Develop Image Transfer Develop Image 
Electrostatic Image 
Develop Imag Transfer Visible Image 
(4) Fixing ~ 
Figure 2. The Basic Process i ng Steps 
DIAZOTYPE 
The diazo process, invented by Dr. Adolf Feer in 1889, depends on the 
fact that certain dyestuffs decompose into colorless compounds upon 
posure to light. Actually, the coating is "bleached out" by light. 
process may utilize any of three methods of chemical development: 
ex-
The 
1. Semi-dry Process - the light sensitive layer contains both a diazo 
compound and a coupler which is developed in an alkaline gaseous atmosphere 
after exposure. 
2. Moist Process - a medium coated with a diazo salt with small 
amount of stabilizing substance; after exposure, the material is processed 
by treatment with a dye coupling solution. 
3. Dry Process - the emulsion incorporates the light-sensitive 
diazonium compound, coupler, and acid stabilizer; after exposure, heating 
decomposes the acid, thus developing the image. 
The diazo process has been known and patents have been in existence 
for over half a century. Its main limitation is light sensitivity, but 
its low cost and processing simpl'icity make it ideal for document copying. 
Various applications of this process have been reviewed recently by van der 
16 17 18 Grinten, Benbrook and Saunders. The processes give positive images. 
19 The variations of the diazo components have been summarized and will 
not be discussed here. Diazo naphthol~sulphonic acids and p-aminobenzene 
( 
are usual diazo materials. Coupling compounds form azo dye in unexposed 
portions of the image. These usually consist of aqueous liquids such as 
phloroglucinal or resorcinol. 
The one-component method or the moist process contains a diazo salt 
with a stabilizing substance, but does not contain a coupler. After exposure, 
the developing solution containing the coupling component in aqueous alkali 
is metered on, thereby producing the image. 
12 
13 
The two-component method or the semi-dry process has coatings of a 
diazo and coupler components, together with an acid (to prevent coupling) 
and other stabilizing substances on an appropriate medium (paper, foil, or 
such). After exposure, the material is passed through heated ammonia 
vapor for development. 
20 Greig has developed a dry process using the two-component method to 
produce images without the aid of solutions or gases (in other words, no 
external developing chemicals). The emulsion contains a stabilizing acid 
(trichloroacetic), a light-sensitive diazo compound, and a coupler which is 
exposed to actinic light to yield the "latent image." "Developing" is per-
formed by heating the composition to decompose the heat-sensitive acid, thus 
enabling the coupler and diazo compound to unite and form the azo dye image. 
Light sensitivity varies both with the particular compound used and 
with the amount present. Decomposition of diazo compounds is caused by the 
shorter wavelengths of the visible spectrum and particularly near the ultra-
violet region. Herrick21 made a sensitometric study of diazotype processes. 
He reports that "in general, the sensitometric contrast of a positive diazo-
type layer is a direct function of the maximum dye density which the layer 
can develop. The contrast increases as density is diminished by exposure 
until a moderately low density is reached; thereafter, the contrast dimin-
ishes with decreasing density." Kosalek and Sulich22 have suggested that 
if the light-sensitive composition is dispersed in a water-insoluble polyvinyl 
ester containing finely divided alumina, high printing speed and high image 
density are obtained. 
Wolfe23 made a thorough study of continuous-tone diazo printing and 
its positive characteristic curves and concluded that "the curve of diazo 
paper clearly shows that its shadow rendering is exceptionally soft, where-
as its highlights and middletones are quite brilliant." 
14 
Benbrook, in a study of the image quality of diazotype .materials, stated, 
"Good resolution is governed primarily by the granularity of the sensitized 
material and the turbidity of its image layer, which in turn depend greatly 
24 
on layer thickness." The graininess of the image is essentially molecular 
in size. He also found evidence that such factors as transparency, bright-
ness, physical strength, graininess, and dimensional stability are the func-
tion of the raw base. 25 
The main disadvantage of the two-component method other than low 
sensitivity is the keeping quality of the "emulsions". Storage in high 
temperature and humidity conditions increases decomposition or causes pre-
mature coupling. Enhanced stability has been obtained with suitable, 
dispersed compounds or by dispersing the "emulsion" in a "wax" layer . 
Commercial Products 
Ozalid - a semi-dry developing diazo process that uses two-component 
diazotype materials. Image development and fixation are brought about by 
the usual dry (ammonia) method. The manufacturer of these sensitized mat-
erials and processing machines is the Ozalid Division of General Aniline and 
Film Corporation. 
Copyflex - a trade mark for diazotype reproduction machines and sen-
sitized materials introduced by Charles Bruning Company. Positive prints 
are produced using moist development and one-component diazotype materials. 
The machines incorporate a dryer so that prints are received dry. 
DIAZO PROCESS 
Exposed Area: Light decomposition (Bleaching) 
Diazonium Salt + aromatic acid 
(Nitrogen gas) 
Unexposed Area: Dye Coupling 
R'O R'--N N2X + 
diazo 
compound coupler 
azo compound 
(a dye) 
Figure 3. The Basic Theory of the Reactions of Diazotype 
Diazo Sal·r 
(1) Exposing 
hY 
1ir 
"latent image" (Bleaching) 
(2) Developing ~oupling reaction 
Visible Image 
--
Figure 4. The Basic Processing Steps 
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METAL DIAZONIUM 
The search to produce diazo materials of high sensitivity has yielded 
a system involving physical development of the latent diazotype images. The 
Philips Laboratory at Eindhover, Netherlands, has modified the diazotype 
mechanism so that, by exposing a material coated with a metallic salt 
(mercurous nitrate) and a diazo compound, an image in the metal is produced. 
The weak latent mercury image is physically developed (intensification), and 
thus, a final image of very fine grain is produced. 
The prepared emulsion contains a suitable metal salt and an active dia-
zonium compound that is capable of reducing the salt to a faint metallic 
image upon exposure to light. This photochemical system is a negative process. 
The faint latent image is intensified by a physical developer, through 
selective precipitation or chemical plating process. Thus, the active in-
gredients such as silver nitrate and a reducing agent will dissolve the 
mercury image in its place. 
26 Alink and co-worker studied the effect of light sensitivity and re-
ports that it depends not only upon the choice of ingredients, but also 
varies with different carriers. It appears that the emulsions are most 
0 
efficient in far ultraviolet (3900A) and overlaps the visual region only 
0 
to the green (SOOOA). 
Other characteristics include extremely high resolving power of 1000 
lines per millimeter and capabilities of working with high gamma of 6-8. 
Thus, the process has been recommended for microprints and photographic 
reproductions. 
16 
Diazonium 
compound 
METAL-DIAZONIUM PROCESS 
Physical Development 
light decomposition 
.. product + Nitrogen 
Hg2++ -~----
mercurous mercury mercuric 
ions metal ions 
Figure 5. The Basic Theory of the Photochemical Reaction 
(1) Exposure 
(2) Intensification 
(3) Washing 
(Fixing) 
Photo-sensitive 
"Emulsion" 
hY 
r 
Small Latent Image 
(metal droplets) 
AgN03 
+ 
reducin 
•' 
g agents 
Developed 
Visible Image 
+ 
Image 
Figure 6. The Basic Processing Steps 
17 
PHOTOTHERMOGRAPHIC MERCURY COMPOUNDS 
Photothermography is a photochemical process that works on the principle 
of thermal decomposition. Such heat-sensitive materials contain a chemical 
layer that after exposure to light is heat developable. The application 
of heat produces the visual image. 
Although several systems have been investigated, the common feature is 
that when exposed to light, the sensitive material is decomposed to form 
latent image nuclei. Brill27 has proposed a "free-radical mechanism", where 
light energy causes formation of "active centers". This parallels the Gurney-
Mott theory. The applications of heat produce visible changes in the exposed 
areas. It is evident that this is a negative process. 
28 Thermographic materials have been studied by Sheppard and Vanselow 
. 29 
and by subsequent workers. The most promising light-sensitive substances 
were oxalates of heavy metals; for example, mercurous oxalate. These in-
organic metal salts undergo chemical changes such that they decompose to 
yield decomposition products of gases and the metallic substances. Levy30 
has suggested a modification of the photothermographic substances. She 
suggests mixtures of organic metal salts in an organic colloid carrier 
(silver succindiamindime plus gelatin). 
Recently, workers at Rutgers University have concluded that dyes are 
an important factor in obtaining spectral sensitivities comparable to 
those of silver halide emulsions. The ?hotographic properties have been 
31 
studied and reported on in a series of papers. It has been suggested 
that mercury and silver salts are most promising, but to date they still 
32 33 
show considerably less sensitivity than Plus- X film. Gilman has 
made successful negatives with a 5-second exposure of bright sunlight 
and a camera setting of f/3.5. 
The emulsion stability is questionable because of its temperature 
sensitivity. 
18 
1 light 1 
Mercurous oxalate 
(Hg2 c2 o4) 
Figure 7. 
(1) Exposure 
(2) Developing 
PHOTO THERMOGRAPHY 
Thermal Decomposition 
heat 
Free mercury + gas 
(C02 ) 
The Basic Theory of the Photochemical Reaction 
Inorganic metal salt 
(mercurous oxalate) 
plus 
dyes 
hY 
~ 
Latent image 
(Hg+ + C02 ) 
~ 
Visible Image 
(Hgo + C02 ) 
Figure 8. The Basic Processing Steps 
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KALVAR 
Kalfax is a relatively recent dry photographic process, which, after 
ultraviolet exposure and the application of heat, produces a visible image. 
The image is a result of light scattering by centers in its special emulsion. 
The material is produced by the Kalvar Corporation. 
34 In an experimental investigation, Coleman reported in 1958 that the 
Kalfax material is sensitive to ultraviolet radiation between 3200 and 4000A. 
He also states that development temperatures in the range of 200° to 260°F 
are required immediately after exposure to prevent decay of the latent image. 
Image permanence is claimed if the material is subjected to UV light again 
to destroy the remaining photosensitive material that remains in the emul-
sions. This action clears or fixes the image. In this same paper, Coleman 
states that the "process consists of the photo-decomposition of a sensitizer 
into a dye residue and gas molecules of nitrogen or carbon dioxide. These 
small volumes of gas embedded in a plastic vehicle are the light scattering 
centers." 
Since data and theory of this development process are not yet abundant, 
only the general picture can be discussed. The emulsion probably contains 
a colloid composition of diazonium (light sensitive) compound and a porous 
hydrophilic resin. Exposure releases minute quantities of nitrogen gas. 
The visible image is produced by heat. This development process is depen-
dent on sufficient heat to expand the nitrogen gas in the diazo material, 
and heat enough to soften the incorporated hydrophilic layer to incapsulate 
the nitrogen gas to form bubbles. These bubbles form the light scatter~ng 
centers. Re-exposure is required to destroy the unused diazo material for 
fixation. The exposed areas produce the scattering centers; thus, it is a 
negative system. 
The new material requires no use of external chemicals and eliminates 
the normal wet processing time. The lot-1 sensitivity of the films and paper 
permit daylight handling and the materials are insensitive to nuclear radi-
ation. The visual images have wide contrast scales and tonal ranges. 
20 
(1) 
(2) 
(3) 
KALFAX 
Decomposition and Releasing of Molecular Bubbles 
tl~ht! 
diazonium heat N2 + 
compound 
Nitrogen bubbles 
Figure 9. The Basic Theory of the Photochemical Reaction 
Exposure 
Developing 
Clearing Time 
(Optional) 
Kalfax Material 
h V (3200-4000A) 
Invisible Latent Image 
h '( (UV light) 
Figure 10. The Basic Processing Steps 
21 
diazo 
residue 
PHOTOSENSITIVE PLASTICS 
The first photosensitive plastic process was patented by Deutsch 
Forchungsgesellschaft in 1934. Certain light-sensitive polyvinyl resins 
or polymers, when exposed to actinic light yield a latent image through 
chemical changes. Upon heat development or washing with solvents, they 
make embedded photographic images. 
35 A DuPont photopolymer plastic has been used for production of photo-
mechanical images. Emulsions of light-sensitive polymers plus catalysts 
become insoluble after exposure. The oxidation of substances such as 
polyvinyl chloride sensitized with ammonium dichromate produces an insoluble 
image on prolonged exposure to actinic light. The permanent visible image 
is developed either by applying heat or by dissolving off the unexposed 
plastic with aqueous solvent mixture. 
Heat developable photosensitive vinyls under the trade mark "Calimar" 
have been developed by Ferro Chemical Corporation. This new flexible film36 
is made with Bakelite vinyl resins (esters), stabilizers, and sensitizers, 
and it contains light sensitive, dye forming, and catalytic (metal oxides) 
chemicals. Many resins other than polyvinyl chloride have been studied 
to investigate the effect of various compounds on the speed of development 
and on the light stability of its resultant. These photosensitive resin 
systems produce latent images when exposed to actinic (ultraviolet) light 
(5-10 seconds) plus liberating hydrochloric acid and freeing radicals 
from chlorinated paraffin. The application of heat causes the metal oxides 
to combine with the hydrochloric molecules to form an active Friedel Crafts 
type catalyst. This catalyst combines with dyestuffs to form stable colored 
(brown) image of good contrast and definition. 
Contrast is directly proportional to exposure; thus, good continuous 
tone image must have relatively long exposures. A pioneering study made by 
37 the Ferro Chemical Corporation shows that stability is good if development 
time is sufficient (320°F for at least 5 mins.). The positive image 
(transparency) is claimed to be resistant to sunlight, moisture and other 
atmospheric conditions. 
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· There are several reportedly new studies of photosensitive plastics 
under development by Ansco, Kodak, and other research institutions. These 
processes are still in the company-confidential stage. 
One such process is the Oster process which is being developed by Professor 
G. Oster of the Polytechnic Institute of Brooklyn. The film is a photo-
sensitive plastic that changes from a liquid plastic (monomer) state to a 
solid plastic (polymer) with irradiation. Speeds have been achieved 
comparable to those of conventional photography. 
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PHOTOSENSITIVE GLASSES 
In the photosensitive glasses process, exposure to actinic radiation 
produces an invisible change in the glass, after which a visible image is 
obtained through heat-development. This permanent photographic image is 
developed when subjected to temperatures ranging between the media's anneal-
ing and softening points. 
The mechanism of this process is photochemical because the latent image 
38 is formed by absorption of light in the ultraviolet region. Condon, in 
his study of photosensitive glasses, found that changes in the oxidation 
state of certain metal ions was a function of the absorption of light 
quanta. Thus, the growth of crystalline activity centers (latent image) 
is directly related to the exposure time and intensity of the actinic 
radiation. He attributed this sensitivity to the ability of the material 
to absorb the radiant energy. The resultant visible image formation is 
attributed to the coagulation of colloidal metal particles during the 
application of heat. 
The silicate glass composition has been studied and the results have 
39 40 been published in a series of papers and patents. Stookey has suggested 
that the sensitizer ingredients of the silicate glasses be of two types: 
Thermo-reducing agents (for coloration) and optical sensitizers (these 
determine absorption sensitivity because of their photoactive property). 
TI1e photographic properties are interesting: the image is grainless, 
which means potentially excellent resolving power, and a permanent three-
dimensional image is produced with a wide range of tonal contrast. However, 
several minutes of exposure to intense actinic radiation is required. 
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PHOTOSENSITIVE GLASSES 
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DICHROMATED GELATINS 
In 1905, G. E. Rawlins discovered that gelatin can be rendered .sensitive 
to light in the presence of dichromates, and that it then becomes insoluble 
after exposure to actinic light. The unexposed portions are washed away with 
aqueous solvent (water), leaving an insoluble colloid relief image. This 
system is used in photomechanical processes such as lithography because 
the greasy inks adhere only to the sticky unexposed areas, and because of 
its simplicity in processing. 
The sensitivity is directly dependent on the temperature and relative 
humidity, and inversely proportional to its pH. The sensitivity is also 
proportional to the amount of dichromate present. 
41 A similar mechanism is utilized in the Collotype process and the 
Bromoil process, developed by E. J. Wall in 1907. 
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BLUE PRINT 
The process is one of the oldest useful photochemical reactions; it 
depends upon the light sensitivity of salts of iron. The fact that light 
reduces the ferric salt of iron to the ferrous state was discovered by 
Herschel in 1842. He then used the ferrous compound to react with ferri-
cyanide to form a permanent image. 
Paper is coated with a mixture of potassium ferricyanide and ferric 
ammonium citrate to form iron sensitized printing paper. In the parts of 
the paper which are exposed to light the ferric salt oxidizes citric acid 
and is reduced to the ferrous form. Upon washing the paper, insoluble 
ferrous ferricyanide is formed, while in those parts not light struck, 
the original unchanged salts are merely washed away. A blue image on 
white paper results. 
42 According to Jones the insoluble prussian blue image is produced 
by a modern method of processing. The ferricyanide is converted into a 
colorless salt 'o~hich does not react with iron salts when incorporated 
.in-to the coated sensitized paper. The paper needs only to be dampened 
for developing and fixing, and will thus dry almost at once. 
Another important related discovery was that of the ferrogallic process. 
Ferrous salts formed upon exposure to light from ferric compounds are 
developed in gallic acid to give a positive blue image. 
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NCR SYSTEM 
A new dry photochemical process has been developed ~y the National 
Cash Register Company. Organic liquid compounds are transformed into 
capsular powder to form the emulsion which produces a latent image within 
the capsular matrix by suitable radiation. The image is developed by 
several methods (pressure, heat, or solvents) . 
43 Schwab made a study of the NCR (No Carbon Required) ~apsular sys-
tem . for its practical application in photography. He has suggested that 
"photochromic organic compounds" can be "developed" into permanent images 
after suitable exposure by two methods: In the transfer process the 
latent image is incorporated in an emulsion of capsular matrix which is 
developed by pressure after exposure. This crushes the capsules wherein 
the dye image is rolled onto another sheet. The modified method has a 
coated media of capsules (colloid composition) that are insensitive until 
ruptured, at which time they become sensitive. After exposure, the oily 
dyes are developed by heat or solvent, which evaporates or dissolves the 
oil binding agent. 
It appears then that the compounds absorb radiation (spectral sen-
sitivity depends on capsular composition) and undergo polymerization. 
Schwab43 noted that " h d f 1 i i i f i f h t e egree o po ymer zat on s a unct on o t e 
exposure and thus, the system offers the possibility of producing a con-
tinuous tone reproduction·." The sensitivity is such that it requires 
approximately 30 seconds of ultraviolet light to produce a suitable image. 
The microscopic capsules (about a millionth of an inch in diameter) 
are organic oil drops. Their composition is a dye of the photochromic 
spirans class (for example a 1,3,3 - trimethylindolinobenzopyrylospiran). 
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LEUCO DYES 
Compounds containing leuco dyes plus sensitizers are oxidized rapidly 
to form a colored dye image when exposed to actinic light . The material 
must then be "fixed" or desensitized so that color will not form again with 
additional exposure. This can be accomplished by washing out unexposed 
areas or adding substances that render the sensitive parts inactive. 
Leuco dyestuffs have been studied and have been published in a series 
44 
of patents by Chalkley. Chalkley found cyanides of the amino triphenyl-
methane dyes to be ultraviolet sensitive with the addition of a "photo-
activator." He also proposed that the colored dye image can be "fixed" 
by evaporating out the "photoactivator" with heat, thus deactivating the 
sensitive parts. 
The dye images have a tendency to diffuse, causing them to be less sharp 
and well defined. This can be prevented by proper "fixing," which will form 
permanent, non-fading, stable images. 
These light-·sensitive leuco dyestuffs have very low sensitivity; the 
fastest such materials are no faster than direct print-out silver halide 
materials. 
This "bleached out" process,which is based upon the destruction of a 
dyes tuff larger by irradation that is absorbed, has the advantage of being 
a one-step process. The non-exposed dyestuff need only be "fixed" after 
exposure to produce a grainless, direct positive image. 
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PHOTOCHEMICAL STUDIES 
Theoretical considerations in photographic chemistry and experimental 
investigations by several manufacturers and research institutions have led 
to reappraisals of the us~fulness of certain non-silver halide photographic 
processes. The study programs provide for the evaluation of the practica-
bility of these non-silver halide processes in several photographic systems. 
A number of studies have been undertaken as an effort to resolve contradic-
tory results reported by earlier investigators. Substances of the most 
recent experimental programs are partially described in the following review: 
45 Connecticut University has done quantitative studies of the connec-
tion between "coordination complexes of some of the transition metals" and 
oxalate compounds. In this same paper, they have reviewed the subject of 
phototropic materials. The mechanism of photochemical decomposition of 
halides of tris- (ethylenediamine)- cobalt (III) were studied and modified 
by Klein (and others), but will not be discussed here. 
Lambert, of Kansas State College has investigated the photochemical 
reaction of iron, cobalt and manganese compounds. His basic composition 
was ferric ethylenediaminetetranacetate (EDTA) where: Fe (III) EDTA-~ 
Fe (II) EDTA-. Processes were not dry but he obtained prints having good 
contrast. Lambert believes "the resolution could be high, but this is 
based on electronmicrographs of the deposited silver"46 Fe (II) EDTA- + 
Ag+ Fe (III) EDTA- + Ag 0 
47 The Polytechnic Institute of Brooklyn has reviewed the subject of 
photosensitization. The relation of wave length of light and emulsions 
plus dyes was t:1e object of their photochemical research study. They con-
cluded that this should lead to a bett·er understanding of the action of 
photographic sensitizers on the emulsions. 
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Figure 17. Characteristics of the Non-Silver Halide Processes of Major Importance 
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CONCLUSIONS 
In general, non-silver halide photosensitive processes are characteri-
zed by low sensitivity. In many instances, they fulfill the requirements 
for speed and simplicity of processing, and satisfactory image definition; in 
some cases, they are insensitive to nuclear radiation, humidity, and tem-
perature extremes. Many of these processes are, in addition, inexpensive. 
However, the severe demands of modern aerial reconnaissance systems 
are not at the present time met by any single non-silver halide process. 
There are many methods that produce photographs rapidly but not necessarily 
of high quality. In their present state of development, many processes 
appear to be of great value in photoreproduction. 
From this investigation, it may be considered that the electrophoto-
graphic processes are most promising for airborne processing. The out-
standing features of electrophotography are: the image may be developed 
by a dry process in a few seconds, the emulsions have excellent shelf 
life, and the process is useful in the presence of X-rays, gamma-rays, or 
nuclear radiation since the system can be sensitized just before exposure. 
It can be anticipated that considerable improvements in sensitivity will 
result from furtner considerations of the photoconductor layer properties, 
as well as from the application of new processing techniques, such as 
improved particle size-frequency distribution, and use of liquid disperions 
of colloidal particles. 
In the author's opinion, development of ~ny of these non-silver 
halide processes to a high level of performance and efficiency has been 
hampered or neglected because immediate usefulness was not obvious, or 
because commercial exploitation at the time did not appear economically 
sound. 
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Many manufacturers and research institutions have development sections 
designed for fundamental research and devoted to new processes and 
products. As a result of these investigations, some non-silver halide 
processes are in competition with, or in some respects superior t?, silver 
materials . For instance, diazo processes are capable of producing extremely 
high image quality (resolution); electrophotographic processes are dry 
and rapid; NCR materials in certain instances are reversible (that is, the 
image can be erased); Kalfax can be exposed selectively, with subsequent 
up-dating or addition of new images. 
There appear to be a number of research avenues which may significantly 
advance the meeting of basic requirements of high light sensitivity, high 
image quality, and simple processing. Probably the most difficult of 
these three will continue to be the problem of achieving sensitivities 
equal to those of silver halide materials, in which the development pro-
cess serves as a tremendous amplifier of sensitivity. 
In conventional photography, the formation of a "latent image" is 
brought about by small amounts of light. The latent image acts as a 
catalyst in the development process so that the efficiency is very high. 
Similar mechanis~ need to be explored in non-silver processes. 
It is suggested that these and other non-silver halide process methods 
be brought to the ·attention of others, through the writing of a textbook. 
This book should discuss the processes in terms of the barriers to their 
use as they now function. Then, work toward eliminating these barriers 
could progress through: (1) increased theoretical study of the mechanics 
of each process; (2) experimental research on improvements in materials, 
sensitization, processing method, and on new techniques and materials. 
The author recommends that considerable caution be exercised in the 
selection of any "one" process for concentration of research efforts. 
There is at this time no outstanding process that will meet the require-
ments as described in the first section of this paper. However, the out-
look is encouraging, since a considerable effort by many organizations is 
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under way to achieve major advances in new photographic materials that do 
not depend on silver salts . 
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ABSTRACT 
This investigation was undertaken in an effort to determine the possible 
application of Non-Silver Halide Photosensitive Processes to the field of 
aerial photography. The thesis is an analysis of the literature to determine . 
if any of the processes is or shows promise of meeting these requirements: 
simple, dry and rapid, having wide temperature and nuclear radiation tolerances, 
and at the same time having suitable photographic response. 
Since this field is even wider than first expected, only materials that 
have caught the interest of commercial organizations have been reviewed. A 
complete list (grouped according to process) of all references is given in 
the bibliography. 
The advent of rockets, missiles, and modern aircraft has greatly in-
creased the performance requirements of aerial reconnaissance systems. An 
ideal photographic system must be capable of producing quality "recordings" 
over a wide range of latitude, altitudes; and in cases where vehicle speeds 
are in excess of the speed of sound. The potential value of such a photo-
graphic system for military reconnaissance, as well as for peaceful uses, 
is tremendous. 
Some of the special requirements of the modern photographic processes 
that are not effectively met by conventional methods are: 
1. A system capable of pro.ducing a "latent image" upon exposure and 
which can be processed wi~hout the use of external chemicals (dry processing). 
2. A system providing for an immediate, visible, permanent record 
(single, rapid, 1-step processing). 
3. "Emulsions" that are unaltered by unusual environmental atmospheres 
such as high temperature and nuclear radiation (resistant to radioactive 
fogging and extremes in temperature) . 
Since conventional photographic processes depend upon wet chemical 
liquids for development and have emulsions sensitive to nuclear radiation, 
among other limitations, the operational capabilities would be limited. 
Renewed interest has been generated t~ develop non-silver halide photo-
sensitive processes to meet the above ·needs. But, their present "state-
qf-the-art" must undergo additional development to ·being them to operational 
capability. 
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To gain a better insight into the nature of. the processes themselves 
a brief description of the nature of each process is given. This descrip-
tion includes the basic method of operation of the process, the general 
mechanism of the p=ocesses, and a description of the photographic charac-
teristics. 
Greater insight into the factors affecting non-silver halides could be 
obtained through the publication of a book. This book should be a compila-
tion of data and techniques of each process and in addition shouid examine 
the potential of the future capabilities of the processes. 
In the author's opinion, development of many of these non-silver halide 
process~s to a high level of performance and efficiency have been hampered 
or neglected because immediate usefulness was not obvious, or because com-
mercial exploitation at the time did not appear economically sound. How-
ever, in the la.st five years, new states of the art have been developed and 
advanced by commercial and research institutions. 
' The ultimate goal of research in non-silver halide pbotographic processes 
is to offer a dry process comparing favorably in quality and sensitivity 
with conventional photography, but with processing requiring only a few 
seconds. Such a process was not found, but the outlook of non-silver halide 
photosensitive processes is encouraging. 
In conclusion, the author makes these two recommendations: . (1) expanded 
research in these processes, and (2) that a book on Non-Silver Halide Photo-
sensitive Processes be published. 
